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ADSP-2171 EZ-ICE & EZ-LAB 


Ready For Release 


In July, Analog Devices is 
releasing a new set of EZ Develop- 
ment Tools for the ADSP-2171 
fixed-point DSP. These tools 
include an ADSP-2171 EZ-ICE® 
In-Circuit Emulator and EZ-LAB® 
Development Board. The photo 
shows a combined EZ Tools 
development system (EZ-ICE & 
EZ-LAB). These ADSP-2171 
hardware development tools differ 
from EZ-ICE and EZ-LAB models 
for our other DSPs. This article 
covers the improved features of 
these new tools. 


ADSP-2171 EZ-ICE 


The ADSP-2171 EZ-ICE provides 
the features that developers have 
come to expect from our tools. 
These features include: 


¢ full-speed, in-circuit emulation 
of ADSP-2171 target systems 

¢ GUI (graphic user interface) for 
easier debugging control 

° single-step capability 

* stand-alone mode for self-test 
and software testing 

¢ upload/download DSP 
memory from host computer 

¢ adapterless version plugs into 
headers on your target (or clip- 
on adapter connects to PQFP in 
target) 


The last feature is the key 
difference between this EZ-ICE 
and other fixed-point EZ-ICEs. 
When you use the adapterless 
version of the ADSP-2171 EZ-ICE, 
the DSP remains on the target 
board, yielding higher emulation 
speeds, more reliable performance, 
and easier installation. 


ADSP-2171 EZ-LAB 


The ADSP-2171 EZ-LAB pro- 
vides a host of developer-friendly 
features: 


¢ full memory expansion and I/O 
from bus expansion connector 

¢ MAFE (Modular Analog Front 
End) for user analog circuitry 

* serial port interface via SPORT 
connector (the default MAFE) 

¢ audio I/O port (using an 
AD1847 SoundPort® Codec) 
with microphone input and 
powered output for speaker 


(the default MAFE) 
CONTINUED ON PAGE 4 > 


San Francisco 
Welcomes 
DSPxX “94 


The 1994 DSPX Exposition & 
Symposium will be held June 
13th-15th at the Moscone Conven- 
tion Center in San Francisco, 
California. This DSP event will 
consist of a number of technical 
sessions combined with exhibits of 
product and service offerings. 
Once again, Analog Devices will 
be there to demonstrate the latest 
in DSP technology for developers 
in areas such as audio, speech, 
video, imaging, high-speed 
control, and telecommunications. 
Analog Devices’ products will also 
be the topic of a variety of techni- 
cal presentations (see article on 
page 5). 

In this issue of DSPatch we'll 
give you a preview of what you 
can see at Analog Devices’ booth 
and we'll tell you about two 
special technical breakfast sessions 
that will be hosted by Analog 
Devices. 


A Guide To ADI’s Exhibit 


Visit Analog Devices’ exhibit 
booth at DSP* ’94 to see the 
highest performance 16-bit, fixed- 
point and 32/40-bit IEEE floating- 
point DSP microcomputers in 
Analog Devices’ impressive 
collection of digital signal proces- 
sors. Development tools and 
applications demonstrations will 
also be featured. 

The newest members of the 
ADSP-2100 family will be intro- 
duced at DSP* and will be on 
display in the booth. See how 
Analog Devices has brought 16-bit 
DSP processors to a new level of 

CONTINUED ON PAGE 4 
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Enterprise™ is to seek out the 
ideal sound system for pinball 
machines and video arcade games, 
Captain Jean-Luc Picard doesn’t 
need to search the galaxy—just set 
course for Williams Electronics, 
planet Earth, Chicago, Illinois. 
Warp factor 9... Engage! 

If you ask most people about 
pinball games, they'll describe the 
flippers, steel balls, bumpers, and 
flashing lights. If you ask a few 
people about the newest pinball 
games, they might describe the 
microprocessors, optical switches, 
custom ASICs, and dot matrix 
displays that bring these games to 
life. And, if you ask just the right 
people about STAR TREK: THE 
NEXT GENERATION®, a new 
pinball game from Williams 
Electronics, you will almost 
certainly hear about Williams’ new 
DCS sound system. 

Williams’ Digital Compression 
System (DCS) brings four channels 
of near-CD quality digital audio to 
pinball. In addition to the show’s 
original theme, STAR TREK: THE 
NEXT GENERATION features a 
galaxy of sound effects, and the 
most custom recorded speech of 
any pinball machine. In fact, the 
“crew” includes Captain Picard, 
Commander Riker, Data, Geordi, 
Dr. Crusher, Worf, Counselor Troi, 
and a special appearance by Q. 
These sounds have a stunning 
realism and clarity, thanks toa 
proprietary audio data compres- 
sion algorithm and a sophisticated 
operating system that runs on an 
Analog Devices ADSP-2105. 

Although DCS is not the first 
game sound system to use a DSP, 
it is the first four channel, high- 
fidelity, digital audio playback 
system designed specifically for 
coin-operated, arcade pinball and 
video games. To put the sophisti- 
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cation and sound quality of the 
DCS in the proper perspective, you 
need to compare it to past and 
present game sound systems. 

The “beeps” and “blips” of early 
arcade games were made with 
discrete analog circuits and simple 
digital tone generators. These 
sounds disappeared from arcades 
in the early 1980s when chip sets 
capable of FM synthesis were 
introduced. The chipsets combined 
a microprocessor, an FM synthesis 
chip set, and a low bitrate, low 
quality digitizing system. These 
systems were similar to many of 
the sound cards currently available 
for personal computers. 

FM synthesis was, in turn, 
replaced by sample playback 
systems, implemented with 
custom hardware or with software 
running on a DSP. Samples—short 
digital recordings that could be 
played back at any pitch—of actual 
musical instruments made music 
more realistic, but the systems 
sometimes lacked polyphony (the 
number of individual notes that 
can be sounded at once). 

Williams Electronics designed 
the DCS sound system to over- 
come the limitations of other game 
sound systems. They used three 
main design parameters: improve 
sound quality, maintain 
interactivity, and streamline sound 
development. The DCS plays back 
16-bit audio at 31.25 kHz to deliver 
near-CD quality sound. Com- 
mands from the host game CPU 
instantly start, stop, loop, and 
control the volume of four inde- 
pendent channels to provide the 
required interactivity. And, most 
importantly, designers can de- 
velop sounds in a professional 
recording studio rather than 
program synthesized music and 
sound effects. 

The sound quality limitation of 
some sound systems is difficult to 
overcome. 16-bit digital audio at a 
rate of 31,250 samples per second 
requires about 60 Kbytes of storage 
per second (a data rate of 500 
kbits/sec). Durability require- 
ments dictate the use of ROM for 
storing code, images and sound in 
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Figure 1 DCS Sound Block Diagram 


arcade games. The overall cost of 
the game limits the ROM available 
for sounds to about 3 megabytes, 
but here’s the problem: 3 mega- 
bytes of ROM at 60 Kbytes per 
second is enough ROM for about 
one minute of total sound. Most 
Williams games, however, have a 
total of between ten and fifteen 
minutes of non-repeating sound. 

To solve this storage problem, 
Williams wanted a transform 
coder algorithm that reduced a 500 
kbits/sec data rate by a factor of 
ten or more, and ran on a low-cost 
DSP like the ADSP-2105. Williams 
contracted Q-Branch, a small 
Canadian R&D firm, to help 
develop the algorithm. 

Music and sound effects are 
compressed to an average of 50 to 
70 kbits/sec, and speech reduced 
to 20 to 40 kbits/sec. The predomi- 
nant compression artifact is a 
slight warbling sound, caused 
because the edges between frames 
do not align in the frequency 
domain. The warbling sounds, or 
“birdies,” appear mostly during 
quiet passages. These sounds are 
almost always masked when more 
than one sound plays simulta- 
neously, which is the usual case 
during game play. 

The DCS hardware is shown in 
Figure 1. The ADSP-2105’s on-chip 
RAM is supplemented with three 
2k x 8, 35 ns SRAMs. The hard- 
ware has sockets for up to eight 
ROMs; a typical configuration uses 


six to eight 512 Kbyte 120 ns 
EPROMs. An 8-bit game host 
interface latches commands sent 
by the host CPU and generates an 
interrupt to the ADSP-2105. The 
ADSP-2105’s serial port is con- 
nected to an AD1851 single 
channel, 16-bit DAC. 

The analog output of the 
AD1851 DAC passes through a 
four stage reconstruction filter, and 
is then actively crossed over at 
about 500 Hz into two 18 watt 
audio power amplifiers. The low 
end goes to a six-inch woofer and 
the high end goes to a five-inch 
midrange and a three-inch tweeter. 

Source material is recorded ona 
PC hard drive using custom 
hardware and software. These 
sound files are edited, music is 
broken by measures into easily 
repeated sections, and loop points 
are set. The data compression 
software processes these files. The 
developer edits a text file contain- 
ing playback instructions for each 
sound, such as volume settings, 
channel assignments and timing 
information. Then, the System 
Builder software integrates the 
compressed audio data, the 
playback instructions and the 
ADSP-2105 operating system code. 
It combines these files into binary 
images that can be burned directly 
into the EPROM. 

Because Williams sound design- 
ers work in a recording studio, 
instead of programming music 


and sounds in assembly language, 
the time to complete a sound 
package for a pinball game has 
been cut roughly in half. 

The ADSP-2105-based hardware 
is another advantage of the DCS 
sound system. Improvements to 
the data compression algorithm 
and operating system only require 
a software change. Also the DSP 
could be upgraded to the ADSP- 
2115, which provides another 
serial port for stereo output, and a 
faster clock rate that provides 
more real time for adding play- 
back channels or for improving the 
data compression algorithm. 

Williams’ DCS sound system 
demonstrates a great way to 
integrate digital audio, data 
compression, and a real-time 
operating system on an ADSP- 
2105. It’s also a good example of 
using off-the-shelf DSPs and clever 
software to provide high-quality 
audio in game and multimedia 
applications. And, last but not 
least, it makes defending the U.S.S. 
Enterprise against Romulans, 
Cardassians, and the Borg a lot 
more exciting. 

For more information about the 
DCS sound system or Williams 
Electronics’ products, contact: 


Williams Electronics Games, Inc. 
3401 North California Avenue 
Chicago, Illinois 60618-5899 

Tel. (312) 267-2240 

Fax. (312) 267-8435 O 
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ADSP-2171 £Z TOOLS CONTINUED 


e stand-alone or in-host computer 
operation 
e ADSP-2171 EZ-ICE connectable 


The ADSP-2171 has the same 


‘features as our other EZ-LAB 


products and more. Memory and 
I/O expansion, stand-alone 
demonstrations, and I/O connec- 
tors are the same. 

In addition to the standard 
features, the ADSP-2171 EZ-LAB’s 
MAFE (Modular Analog Front 
End) lets you use the default front 
end, design your own analog 
interface, or purchase an addi- 
tional front end card to demon- 
strate the latest ADI parts. 

Previous EZ-LAB boards oper- 
ated in stand-alone mode only. 
The ADSP-2171 EZ-LAB can also 
be inserted in a PC. When inserted 
in a PC, you can download pro- 
grams to the EZ-LAB with an 
interface program (instead of 
burning a new EPROM or using an 
EZ-ICE). Special note for signal 
computing developers — the 
SCOPE (Signal Computing Open 
Programming Environment) will 
be ported to the ADSP-2171 
EZ-LAB by December 1994. This 
will let you run SCOPE compatible 
programs (already developed) ona 
brand new platform. 

Perhaps the most important 
feature of the ADSP-2171 EZ-LAB 
is that it comes EZ-ICE connect- 
able. The headers for installing an 
adapterless ADSP-2171 EZ-ICE are 
already installed on the board. 
This makes it easy to build a high 
speed/user friendly hardware 
development system using both 
the ADSP-2171 EZ-ICE and 
EZ-LAB. 


Adding EZ-ICE Connectivity 
To Your Prototype 


The ADDS-2171-EZ-ICE consists 
of the PQFP clip-on adapter, 
ADSP-2171 Carrier board, and 
ADDS-2171 EZ-ICE emulator 
board. If you include the two 
connectors for the ADDS-2171 
Emulator board on your proto- 
type, you do not need the adapter 


or ADSP-2171 Carrier board. By 
reducing the number of termina- 
tions DSP signals must cross, 
adapterless emulation lets you 
emulate at full speed and elimi- 
nates the added expense of the 
adapter. Emulation speed could be 
reduced with an adapter between 
your prototype and the EZ-ICE. 

To add emulator connectivity to 
your prototype, include the 
connectors on your prototype. 
With these connectors, you just 
plug on the ADDS-2171 Emulator 
board to emulate. These connec- 
tors bring all the pins on the DSP 
to the emulator board. For the 
connector pinout and more 
information on the 
ADSP-2171-EZ-ICE, see the 
ADSP-21xx Family Software and 
Hardware Development Tools 
Data Sheet. 


Building A Custom MAFE For 
The EZ-LAB 


The ADDS-2171-EZ-LAB con- 
sists of two circuit boards, the 
main EZ-LAB board and the 
MAFE (Modular Analog Front 
End). The EZ-LAB ships with the 
default MAFE (uses an AD1847), 
but you can build (or buy from 
third parties) custom MAFEs. 

Note the following additional 
specifications: 


¢ The component sides of the 
main EZ-LAB board and MAFE 
board face each other when 
assembled. 

e Your custom MAFE board 
should isolate analog power 
supplies (£5 V and +3 V). 

¢ Your custom MAFE board 
should include power and 
ground planes. 


The MAFE board connector on 
the EZ-LAB brings all the I/O pins 
on the DSP to the MAFE board. 
For the connector pinout and more 
information on the 
ADSP-2171-EZ-LAB, see the 
ADSP-21xx Family Software and 
Hardware Development Tools 
Data Sheet. UO 
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integration and price/ performance 
efficiency. Also, experience the 
newest member of the SHARC 
processor family—a 32/40 float- 
ing-point processor family with 
the largest on-chip SRAM avail- 
able. 

Analog Devices’ exhibit booth 
will be divided into three key 
areas-fixed-point processors and 
tools, floating-point processors 
and tools, and third-party prod- 
ucts. Analog Devices will also be 
recruiting individuals interested in 
joining the Signal Computing 
Developer’s Association. The 
association was created to help 
algorithm and application devel- 
opers help market and promote 
their software. If you have some 
algorithms already coded for the 
ADSP-2100 Family, or you would 
like to code algorithms and sell or 
license them to our customers, 
come by our booth and sign up. 

Hardware development tools for 
the ADSP-2100 and ADSP-21000 
families will be up and running for 
you to test drive. We will also 
display the EZ-LAB® Evaluation 
Boards, which provide a DSP 
platform for software development 
and demonstration. You'll also see 
the EZ-ICE® Emulators, a low-cost 
option for in-circuit emulation. 
These two development tools form 
the basis for the applications 
demonstrations. An EZ-ICE 
emulator plugged into the DSP 
socket on an EZ-LAB board 
provides a complete evaluation/ 
development station. The EZ-ICE 
is also connected to a PC where a 
user interface program controls the 
download, execution, and debug 
of programs running in real time. 
The EZ-ICE user interface has been 
enhanced and now shares the 
same interactive interface as the 
simulator. 

The complete collection of 
software development tools (the 
ADSP-2100 Family Development 
Software and ADSP-21000 Family 
Development Software) will also 
be featured in the booth. Assem- 
bler/linker, simulator, and opti- 
mizing C compiler software tools 
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are offered for all Analog Devices’ 
DSP processors. The development 
software is available for IBM PC 
and Sun workstation platforms. 
Come by our booth and see the 
latest enhancements. 

This year, for the first time, 
Analog Devices will be featuring 
the production version of G21, our 
fixed-point C Compiler based on 
gcc, the GNU C Compiler from the 
Free Software Foundation. (See 
GNU C Compiler release an- 
nouncement on page 13 for 
complete G21 GNU C Compiler 
details.) 

One of the other featured 
software development tools is the 
C Source-Level Debugger for both 
the ADSP-2100 and ADSP-21000 
families. 

Many programmers prefer to 
develop applications in high-level 
languages—primarily ANSI C— 
for ease of coding, portability, and 
isolation from hardware-specific 
details. Analog Devices now offers 
a C Source-Level Debugger, 
CBUG™, to ease the job of system 
integration and debugging. At our 
DSPX exhibit booth you can 
experiment with the C debugger 
running on the ADSP-21020 EZ- 
ICE emulator. 

C source-level debugging lets 
you step through a program line- 
by-line, set breakpoints, and 
examine and set the values of 
variables. Full emulator (or 
simulator) functionality is retained 
during source-level debugging. 
Some key features of the C 
debugger are: 


* seamless integration within 
simulator or emulator 

¢ standard ANSI C expression 
evaluation 

¢ conditional breakpoints 

¢ multiple, context-sensitive data 
display windows 

¢ full access to debug symbols, 
data structures, and memory 
allocations 

® symbolic sorts by sources, 
functions, globals, locals, 
parameters, typenames, and 
typedef descriptions 


Third-Party Development Tools 


A number of third parties are 
providing powerful hardware and 
software development tools that 
augment the offerings of Analog 
Devices. At the booth, you will see 
an assortment of these third-party 
tools in action and learn how to 
shorten your time to market. 


Technical Breakfast Sessions 


You can be one of the first to 
learn about Analog Devices’ 
newest products. While at DSP, 
check out our breakfast specials 
that will satisfy your appetite for 
leading-edge DSP solutions. Our 
Continental Breakfasts will pro- 
vide you with an excellent oppor- 
tunity to learn about Analog 
Devices’ hottest fixed-point and 
floating-point DSPs. 

Two sessions, Fixed-Point Specials 
on Tuesday and Floating-Point 
Specials on Wednesday, will offer 
advanced entrees filled with high- 
performance, served with a 
generous helping of on-chip 
SRAM arranged with a medley of 
I/O enhancements. Side dishes 
include fast time to market, 
optimum integration, high data 
throughput, and leading edge 
technology—a feast for the mind as 
well as the body. 

The Continental Breakfasts will 
be conveniently located near the 
convention center on Tuesday and 
Wednesday mornings, June 14th & 
15th, starting at 7:30 am. A free 
DSP-powered, programmable PC 
sound card will be given to the 
first person seated at each session 
with more free giveaways during 
each breakfast. Reservations are 
required! To make reservations, 
get free tickets, and preview the 
“menu” for these exclusive break- 
fasts, call (617) 461-3406, or stop at 
our DSPX exhibit booth on Mon- 
day, June 13th. See you at break- 
fast, and... bon appetite! O 


What Do 
Multimedia, 
Multiprocessing, 
and Motor 
Control Have in 
Common? 


They’re all topics for papers that 
will be delivered at the DSPX 
Exposition & Symposium held at 
the Moscone Convention Center, 
San Francisco, California, June 
13th-15th. 

The expanding role of Analog 
Devices’ DSPs in a wide range of 
applications (that include multime- 
dia, multiprocessing, and motor 
control) will be reflected in the 
variety of papers that will be 
delivered at this year’s DSPX by 
Analog Devices, its customers, and 
third-party developers. We hope 
you can attend DSP* to hear some 
of these presentations. We have 
included a partial list of the papers 
that will be presented this year: 


¢ DSP Case Studies 
Developing a Windows-Based 
Spectrum Analyzer Using a 
DSP Accelerator Card 
Daniel A. Ash (AshCan Engi- 
neering) 


¢ Digital Cellular Solutions 
DSP in Cellular Systems 
Mark Gill (Analog Devices) 


¢ Video, Graphics, and Image 
Processing 
SHARC™: A Breakthrough in 
Performance and On-chip 
Integration 
Tim Counihan (Analog Devices) 


Multimedia Platforms 
Programmable, Multifunction 
PC Sound Card Chip Set 

Tim Resker (Analog Devices) 


Considerations in Designing 
DSP-Based Multimedia Cards 
Bill Orner (Orchid Technology) 


CONTINUED ON NEXT PAGE > 


